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METHOD FOR FORMING THIN FILMUSING 
RADICALS GENERATED BY PLASMA 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of U.S. patent applica 
tion Ser. No. 12/709,763 filedon Feb. 22, 2010 (now issued as 
U.S. Pat. No. 8.257,799), which claims priority to U.S. patent 
application No. 61/154,664 filed on Feb. 23, 2009, which are 
incorporated by reference herein in their entirety. 

BACKGROUND 

1. Field of Art 
Embodiments relate to forming a thin film using radicals 

generated by plasma. 
2. Description of Art 
Thin film deposition by means of plasma-enhanced chemi 

cal vapor deposition (PECVD) or plasma-enhanced atomic 
layer deposition (PEALD) results in lower deposition tem 
perature due to plasma energy. However, the Substrate may be 
damaged due to direct exposed to the plasma. 

Remote plasma may be employed to avoid the issue of 
damaging the Substrate. However, the extended distance 
between the substrate and plasma may give rise to the follow 
ing issues: (i) reaction with a source precursor becomes insuf 
ficient for radicals having short lifespan, and (ii) the thickness 
and composition of the thin film become inconsistent because 
of poor plasma uniformity. 
The source precursor may be decomposed when exposed 

to the plasma or radicals generated by the plasma. Therefore, 
when attempting PEALD, plasma of a reactant precursor 
(e.g., O, H2, NH, N, and radicals thereof) has to be injected 
after the source precursor becomes adsorbed on the substrate. 
A conventional process of PEALD may include the 

sequential steps in the following order: (i) adsorption of 
Source precursor, (ii) purging, (iii) injection of reactant pre 
cursor plasma, and (iv) purging. In order to improve deposi 
tion rate, the process may be modified so that the steps are 
performed in the following order: (i) adsorption of source 
precursor, (ii) injection of reactant precursor plasma, and (iii) 
purging. However, since the adsorption of the Source precur 
sor determines the deposition rate of PEALD, improvement 
of the deposition rate is very limited. 

SUMMARY 

Embodiments provide a method for forming a thin film 
using radicals generated by plasma. The method includes 
injecting a source precursor between the formations of thin 
films by reaction of the radicals of reactant precursor with the 
Source precursor. 

In one embodiment, a thin film is formed by using radicals 
generated by plasma. The radicals of a reactant precursor are 
generated using plasma. A substrate is exposed to a mixture of 
the radicals of the reactant precursor and a source precursor to 
form a first thin film on the substrate. The substrate is exposed 
to the source precursor. A second thin film is formed on the 
substrate by exposing the substrate to the mixture of the 
radicals of the reactant precursor and the source precursor. 

In another embodiment, a first electrode and a second 
electrode are provided. The first electrode includes one or 
more first injection ports. The second electrode encloses the 
first electrode and includes one or more second injection 
ports. The radicals of a reactant precursor are generated by 
injecting the reactant precursor through the one or more sec 
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2 
ond injection ports and applying Voltage across the first elec 
trode and the second electrode. A source precursor is injected 
through the one or more first injection ports. A substrate is 
exposed to the radicals of the reactant precursor and the 
source precursor by moving the substrate relative to the first 
electrode and the second electrode. 

BRIEF DESCRIPTION OF DRAWINGS 

The above and other aspects, features and advantages of the 
disclosed embodiments will be more apparent from the fol 
lowing detailed description taken in conjunction with the 
accompanying drawings. 

FIG. 1 shows a flow chart of a method for forming a thin 
film using radicals generated by plasma according to an 
embodiment. 

FIG. 2 shows a process flow diagram of a method for 
forming a thin film using radicals generated by plasma 
according to an embodiment. 

FIG. 3A shows a lateral cross-sectional view of a vapor 
deposition reactor for performing a method for forming a thin 
film using radicals generated by plasma according to an 
embodiment. 

FIG. 3B shows a partial perspective view of the vapor 
deposition reactor of FIG. 3A. 

FIG. 3C shows a bottom view of the vapor deposition 
reactor of FIG. 3A. 

FIG. 3D shows a longitudinal cross-sectional view taken 
along line A-A in FIG. 3A. 

FIG. 3E shows a longitudinal cross-sectional view taken 
along line B-B' in FIG. 3A. 

FIG. 4 shows a flow chart of a method for forming a thin 
film using radicals generated by plasma according to another 
embodiment. 

FIG. 5 shows a process flow diagram of a method for 
forming a thin film using radicals generated by plasma 
according to another embodiment. 

FIG. 6A shows a lateral cross-sectional view of a vapor 
deposition reactor for performing a method for forming a thin 
film using radicals generated by plasma according to another 
embodiment. 

FIGS. 6B and 6C show a lateral cross-sectional view offirst 
and second electrodes in a vapor deposition reactor for per 
forming a method for forming a thin film using radicals gen 
erated by plasma according to other embodiments. 

FIG. 6D shows a perspective view illustrating the structure 
of the first electrode in FIG. 6C. 

FIG. 7A shows a lateral cross-sectional view of a vapor 
deposition reactor for performing a method for forming a thin 
film using radicals generated by plasma according to still 
another embodiment. 

FIG. 7B shows a bottom view of the vapor deposition 
reactor of FIG. 7A. 

FIG. 8A shows a lateral cross-sectional view of another 
vapor deposition reactor for performing a method for forming 
a thin film using radicals generated by plasma according to 
still another embodiment. 

FIG. 8B shows a bottom view of the vapor deposition 
reactor of FIG. 8A. 

FIG. 9A shows a lateral cross-sectional view of still 
another vapor deposition reactor for performing a method for 
forming a thin film using radicals generated by plasma 
according to still another embodiment. 

FIG. 9B shows a bottom view of the vapor deposition 
reactor of FIG.9A. 

FIG. 10A shows a lateral cross-sectional view of still 
another vapor deposition reactor for performing a method for 
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forming a thin film using radicals generated by plasma 
according to still another embodiment. 

FIG. 10B shows a bottom view of the vapor deposition 
reactor of FIG. 10A. 

DETAILED DESCRIPTION 

Embodiments will be described more fully hereinafter with 
reference to the accompanying drawings, in which embodi 
ments are shown. This disclosure may, however, be embodied 
in many different forms and should not be construed as lim 
ited to the embodiments set forth therein. Rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and willfully convey the scope of this 
disclosure to those skilled in the art. In the description, details 
of well-known features and techniques may be omitted to 
avoid unnecessarily obscuring the presented embodiments. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of this disclosure. As used herein, the singular forms 
“a”, “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. Further 
more, the use of the terms a, an, etc. does not denote a 
limitation of quantity, but rather denotes the presence of at 
least one of the referenced item. The use of the terms “first, 
“second, and the like does not imply any particular order, but 
they are included to identify individual elements. Moreover, 
the use of the terms first, second, etc. does not denote any 
order or importance, but rather the terms first, second, etc. are 
used to distinguish one element from another. It will be fur 
ther understood that the terms “comprises” and/or "compris 
ing', or “includes and/or “including when used in this 
specification, specify the presence of stated features, regions, 
integers, steps, operations, elements, and/or components, but 
do not preclude the presence or addition of one or more other 
features, regions, integers, steps, operations, elements, com 
ponents, and/or groups thereof. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art. It 
will be further understood that terms, such as those defined in 
commonly used dictionaries, should be interpreted as having 
a meaning that is consistent with their meaning in the context 
of the relevant art and the present disclosure, and will not be 
interpreted in an idealized or overly formal sense unless 
expressly so defined herein. 

In the drawings, like reference numerals in the drawings 
denote like elements. The shape, size and regions, and the 
like, of the drawing may be exaggerated for clarity. 

FIG. 1 shows a flow chart of a method for forming a thin 
film using radicals generated by plasma according to an 
embodiment. FIG. 2 shows a process flow diagram of a 
method for forming a thin film using radicals generated by 
plasma according to an embodiment. 
A method for forming a thin film using radicals generated 

by plasma according to an embodiment may be performed by 
moving a substrate relative to a vapor deposition reactor. For 
example, while the Substrate passes through the vapor depo 
sition reactor, the Substrate may be exposed to a reactant 
precursor and/or a source precursor injected by the vapor 
deposition reactor. 

Referring to FIG. 1 and FIG. 2, pumping may be performed 
before the Substrate passes through the vapor deposition reac 
tor (S11). The pumping process occurs during time t in FIG. 
2. The pumping is carried out to remove residues or impurities 
physically adsorbed on the substrate, which may have been 
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4 
produced in a preceding process. However, in other embodi 
ments, the pumping process may be omitted. 

Then, the Substrate may be exposed to radicals of a reactant 
precursor to treat the surface of the substrate with the radicals 
(S12). The exposure to radicals occurs during time t in FIG. 
2. The radicals of the reactant precursor may be generated by 
remote plasma at a portion spaced apart from the Substrate by 
a gap. The radicals of the reactant precursor may be adsorbed 
on the surface of the substrate. 

Then, the substrate may be exposed to a mixture of the 
radicals of the reactant precursor and a source precursor 
(S13). The exposure to mixture of radicals occurs during time 
t in FIG. 2. As the source precursor is adsorbed with the 
radicals of the reactant precursor already adsorbed on the 
Substrate, the reactant precursor and the source precursor may 
react on the surface of the substrate to form a first thin film. 

Then, the Substrate may be exposed to the source precursor 
(S14). The exposure to the Source precursor occurs during 
time t in FIG. 2. As the Source precursor is adsorbed again 
with the first thin film already formed on the substrate, the 
first thin film may be converted into a film with a relatively 
higher content of the source precursor. 

Then, the Substrate may be exposed again to the mixture of 
the radicals of the reactant precursor and the source precursor 
(S15). The exposure to the radicals of the reactance precursor 
occurs during time ts in FIG. 2. As in S13, the reactant pre 
cursor and the source precursor may react on the Surface of 
the substrate to form a second thin film. 

Then, the Substrate may be exposed again to the radicals of 
the reactant precursor (S16). The exposure to the radicals of 
the reactance precursor occurs during time to in FIG. 2. The 
radicals of the reactant precursor may form the thin film 
according to the above processes, and also stabilize the thin 
film by annealing the thin film by radicals. 

Then, pumping may be performed again (S17). The pump 
ing process occurs during time t, in FIG. 2. By pumping, 
excess precursors or reaction byproduct physically adsorbed 
on the substrate may be removed. However, in other embodi 
ments, the pumping process may be omitted. 
By repeating S11 through S17 until a thin film with a 

desired final thickness is obtained (S18), an atomic layer thin 
film with a desired thickness may be formed. As the substrate 
is exposed to the source precursor (S14) between the forma 
tion of the first thin film (S13) and the formation of the second 
thin film (S15), the rate of deposition may be improved. 

FIGS. 3A to 3E show a vapor deposition reactor that may 
be used in a method for forming a thin film using radicals 
generated by plasma according to an embodiment. The 
method for forming a thin film using radicals generated by 
plasma will be described in detail with reference to FIGS. 3A 
to 3E 

FIG. 3A shows a lateral cross-sectional view of a vapor 
deposition reactor for performing a method for forming a thin 
film using radicals generated by plasma according to an 
embodiment. FIG. 3B shows a partial perspective view of a 
first electrode 10 and a second electrode 20 of the vapor 
deposition reactor of FIG. 3A. FIG. 3C shows a bottom view 
of the vapor deposition reactor of FIG. 3A. FIG. 3D shows a 
longitudinal cross-sectional view of the vapor deposition 
reactor taken along line A-A in FIG. 3A. 

Referring to FIGS. 3A to 3D, a vapor deposition reactor 
may include a first electrode 10 and a second electrode 20. 
The first electrode 10 may be provided, at least in part, inside 
of the second electrode 20, and the second electrode 20 may, 
at least in part, enclose the first electrode 10. 
The first electrode 10 and the second electrode 20 may be 

electrically separated from each other. For example, the first 
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electrode 10 and the second electrode 20 may be spaced apart 
from each other by a gap d. In case the first electrode 10 and 
the second electrode 20 need to be in contact at some portion, 
an insulator 15 (FIG. 3C) made of ceramic (e.g., Al-O.) may 
be provided between the first electrode 10 and the second 
electrode 20 to insulate the first electrode 10 and the second 
electrode 20 from each other. 
The first electrode 10 and the second electrode 20 may be 

made of a Suitable conducting material Such as metal. In case 
of dielectric barrier discharge plasma, a dielectric barrier may 
be inserted or coated between the two electrodes. For 
example, the first electrode 10 and the second electrode 20 
may be made of stainless steel, Inconel, nickel (Ni), alumi 
num (Al), high fusion point metal, conductive silicon (Si) 
doped with a dopant, anodized aluminum, metal or conduc 
tive silicon coated with a dielectric (e.g., SiO, Al-O, or SiN), 
or the like. 
When there is a risk of inclusion of the material of the first 

electrode 10 or the second electrode 20 into the thin film, the 
first electrode 10 or the second electrode 20 may be made of 
the same material as the thin film. For example, if a NiO thin 
film is to be formed, the first electrode 10 or the second 
electrode 20 may be made of Nior Nialloy. Further, if a SiO, 
or SiN thin film is to be formed, the first electrode 10 or the 
second electrode 20 may be made of silicon. The silicon may 
be doped with boron (B) or phosphorus (P) to confer conduc 
tivity. 

The vapor deposition reactor comprising the first electrode 
10 and the second electrode 20 may be configured such that a 
substrate 100 may move relative thereto so that a material 
may be injected to the substrate 100. For example, the sub 
strate 100 may pass below the first electrode 10 and the 
second electrode 20 as fixed on a susceptor 110. The motion 
of the Substrate 100 relative to the first electrode 10 and the 
second electrode 20 may be linear motion, rotational motion 
or other appropriate motions. Alternatively, instead of mov 
ing the substrate 100, the first electrode 10 and the second 
electrode 20 may be moved relative to the substrate 100 so as 
to inject a material to the substrate 100. 

The first electrode 10 may include a channel 11 and one or 
more injection port(s) 12 connected to the channel 11. The 
channel 11 is formed inside the first electrode 10 and trans 
ports a material injected from outside. The one or more injec 
tion port(s) 12 is connected to the channel 11 and may be 
formed on the surface of the first electrode 10. The injection 
port 12 discharges the material transported through the chan 
nel 11 from the first electrode 10 to inject the material to the 
substrate 100. For example, the channel 11 and the one or 
more injection port(s) 12 may be formed at the lower end of 
the first electrode 10 in the form of a showerhead. 

The material injected through the channel 11 and the injec 
tion port 12 of the first electrode 10 may be a source precursor 
for chemical vapor deposition (CVD) or atomic layer depo 
sition (ALD). For example, if it is desirable to formathin film 
comprising titanium nitride (TiN) on the substrate 100, tita 
nium tetrachloride (TiCla) may be injected through the injec 
tion port 12 as a source precursor. The source precursor may 
be supplied by means of bubbling argon (Ar). 

The second electrode 20 may also comprise a channel 21 
and one or more injection port(s) 22 connected to the channel 
21. The material injected through the channel 21 and the 
injection port 22 of the second electrode 20 may be a reactant 
precursor. For example, if it is desirable to form a thin film 
comprising TiN on the substrate 100, ammonia (NH) may be 
injected through the injection port 22 as a reactant precursor. 

Voltage may be applied across the first electrode 10 and the 
second electrode 20. For example, the first electrode 10 and 
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6 
the second electrode 20 may be connected to a power cable 
300 (see FIG. 3D) by means of a connector 200 (see FIG.3D) 
so as to apply voltage across the first electrode 10 and the 
second electrode 20. The Voltage is applied to generate 
plasma from the reactant precursor injected between the first 
electrode 10 and the second electrode 20 to generate radicals 
of the reactant precursor. A pulse or RF type Voltage signal 
may be applied between the first electrode 10 and the second 
electrode 20 to generate the radicals of the reactant precursor. 
The surface of the second electrode 20 facing the first 

electrode 10 may have a shape corresponding, at least in part, 
to the surface shape of the first electrode 10. For example, if 
the first electrode 10 has a cylindrical shape, the cross-section 
of the second electrode 20 perpendicular to the longitudinal 
direction of the first electrode 10 may have, at least in part, a 
shape concentric with the cylindrical cross-section of the first 
electrode 10. Accordingly, plasma may be generated uni 
formly between the first electrode 10 and the second electrode 
20. However, this is merely illustrative. In other embodi 
ments, the first electrode 10 and the second electrode 20 may 
have different cross-sectional shapes. 
The portion where the first electrode 10 and the second 

electrode 20 face each other, i.e., the portion where the plasma 
of the reactant precursor is generated, may be spaced apart 
from the substrate 100 by a gap he so as to prevent the sub 
strate 100 from being damaged by the plasma. In one embodi 
ment, the gap ho may be about 10 mm or larger. Further, the 
lower end of the first electrode 10 may be spaced apart from 
the Substrate 100 by a gaph. For example, the gaph may be 
about 3 mm to about 20 mm. The lower end of the second 
electrode 20 may be spaced apart from the substrate 100 by 
gap Z, which may be about 1 mm be about 5 mm. Alterna 
tively, the gap Z between an outer wall 40 of the vapor 
deposition reactor and the substrate 100 may be smaller than 
the gap Z, and the gap Z may be about 1 mm in order to 
decrease leakage of the source precursor and the reactant 
precursor from the vapor deposition reactor. 
The vapor deposition reactor may comprise a discharge 

port 30 on one side or both sides of the second electrode 20. 
The discharge port 30 is provided to discharge impurities or 
remaining precursors physically adsorbed on the Substrate 
100. Pumping is achieved when the pressure inside the dis 
charge port 30 is smaller than the pressure of the portion 
adjacent to the first electrode 10 and the second electrode 20. 
For this purpose, a throttle valve (not shown) may be provided 
to maintain the pressure inside the discharge port 30 at about 
10 mTorr to about several Torr. 

FIG. 3E shows a longitudinal cross-sectional view of the 
vapor deposition reactor along line B-B' in FIG. 3A, where 
the discharge port 30 is provided. Referring to FIG. 3E, the 
surface of the discharge port 30 may be curved to confer high 
conductance. In this embodiment, the discharge port 30 is 
provided on both sides of the vapor deposition reactor. How 
ever, this is merely illustrative. In other embodiments, the 
discharge port 30 may be provided on one side of the vapor 
deposition reactor, or may not be provided at all. 

Hereinafter, a method for forming a thin film using radicals 
generated by plasma on the substrate 100 using the afore 
described vapor deposition reactor will be described in detail. 
First, NH may be injected at about 1 sccm to about 10 sccm 
as a reactant precursor between the first electrode 10 and the 
second electrode 20 that is concentric with the first electrode 
10. The reactant precursor may be injected between the first 
electrode 10 and the second electrode 20 through the channel 
21 and the one or more injection port(s) 22 formed on the 
second electrode 20. Then, pulse voltage signal of about 1 
kHz to about 100 kHz may be applied between the first 
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electrode 10 and the second electrode 20 to generate plasma. 
Then, TiCl, may be injected at about 1 sccm to about 10 sccm 
as a source precursor through the first channel 11 and the one 
or more injection port(s) 12 formed on the first electrode 10. 
The substrate 100 may move from the left side of the vapor 

deposition reactor to below the discharge port 30. The dis 
charge port 30 may remove impurities or residues physically 
adsorbed on the substrate 100 by means of pumping. The 
impurities or residues may have been produced from the 
preceding process. However, in other embodiments, the Sub 
strate 100 may be directly passed below the first electrode 10 
and the second electrode 20 without the pumping. 
As the substrate 100 moves to the right and is located below 

the second electrode 20, the substrate 100 may be exposed to 
the radicals of the reactant precursor generated by the plasma. 
For example, as the substrate 100 passes below the second 
electrode 20, N* radicals generated at a portion spaced apart 
with a gaph of about 10 mm or larger from the substrate 100 
may be adsorbed on the surface of the substrate 100. 
As the substrate 100 moves further to the right and passes 

below the first electrode 10, the substrate 100 passes through 
a region A where some of the radicals of the reactant precur 
sor react with the source precursor. The gap d between the 
first electrode 10 and the second electrode 20 may be rela 
tively large (e.g., about 3 mm or larger), and the gap ho 
between the portion where the plasma is generated and the 
substrate 100 may be relatively small (e.g., about 2 mm or 
larger). In this case, the edge portion A of the radicals of the 
reactant precursor that are generated by the plasma and 
injected to the substrate 100, may contact and/or react with 
the source precursor injected through the injection port 12. 
On the contrary, in other embodiments, the gap d between 

the first electrode 10 and the second electrode 20 may be 
relatively small, and the gapho between the portion where the 
plasma is generated and the substrate 100 may be relatively 
large. In this configuration, the reaction area of the radicals is 
enlarged and the effect of the radicals may be increased. This 
will be described later in detail. 
As the substrate 100 passes through the region A, a first thin 

film including TiN may be formed on the surface of the 
substrate 100. The first thin film may include N-rich TiN. 

Then, as the substrate 100 moves further and is located 
below the injection port 12 that is provided at the center of the 
first electrode 10, the source precursor TiCl, may be adsorbed 
on the surface of the substrate 100. Then, the surface of the 
first thin film comprising N-rich TiN may be converted to 
Ti-rich TiN as the first thin film is exposed to TiCla. 

Then, as the substrate 100 moves further to the right, the 
Substrate 100 passes again through the region A where the 
radicals of the reactant precursor react with the source pre 
cursor. Then, as in the above-described formation of the first 
thin film, a second thin film comprising N-rich TiN may be 
formed. 
As the substrate 100 moves further to the right and passes 

below the first electrode 10, the substrate 100 may be exposed 
to N* radicals injected through the injection port 22 of the 
second electrode 20. Then, a relatively stable TiN film may be 
obtained as the first thin film and the second thin film are 
annealed by the N* radicals. 

Then, as the substrate 100 moves further to the right and 
passes below the second electrode 20, the substrate 100 is 
located below the discharge port 30 and excess source pre 
cursor or reactant precursor and reaction byproduct may be 
removed by means of pumping. 
The deposition rate of the thin film during the aforesaid thin 

film formation may be determined, at least in part, by the flow 
rate of the reactant precursor and the Source precursor, the 
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8 
power of the plasma, the gap d between the first electrode 10 
and the second electrode 20, the gap he between the region 
where the plasma is generated and the substrate 100, the 
moving speed of the substrate 100, the temperature of the 
substrate 100, the injection time of the source precursor to the 
substrate 100, or other related parameters. 

For example, the temperature of the substrate 100 may be 
about 150° C. to about 350° C., and the moving speed of the 
substrate 100 may be controlled such that the time during 
which the substrate 100 is exposed to the radicals of the 
reactant precursor or the source precursor may be about 10 
milliseconds to about several seconds. If the temperature of 
the substrate 100 is higher than the decomposition tempera 
ture of the Source precursor, decomposition of the source 
precursor may occur. Thus, the reactor may be cooled using 
cooling water or its temperature may be controlled, if neces 
sary. Further, the flow rate may be controlled such that the 
Source precursor injected through the injection port 12 and 
the reactant precursor injected through the injection port 22 
has Substantially the same pressure. For example, the Source 
precursor and the reactant precursor may be maintained at a 
pressure of about 100 mTorr to about several Torr. 

FIG. 4 shows a flow chart of a method for forming a thin 
film using radicals generated by plasma according to another 
embodiment. FIG. 5 shows a process flow diagram of a 
method for forming a thin film using radicals generated by 
plasma according to another embodiment. Referring to FIG. 
4 and FIG. 5, pumping may be performed before the substrate 
passes through the vapor deposition reactor (S21). The pump 
ing process occurs during time t in FIG. 5. The pumping is 
carried out to pump out residues or impurities physically 
adsorbed on the substrate that may have been produced from 
the preceding process. However, in other embodiments, the 
pumping process may be omitted. 

Then, the substrate may be exposed to a mixture of radicals 
of a reactant precursor and a source precursor (S22). The 
exposure to the mixture of radicals occurs during time t in 
FIG. 5. Contrary to the above embodiment described above 
with reference to FIGS. 1 to 3, the reactant precursor of this 
embodiment is configured Such that all of the radicals contact 
and/or react with the source precursor. This is applicable 
when the flow rate of the source precursor is relatively low, 
and may be achieved by increasing the distance between the 
Substrate and the portion where the plasma is generated. This 
will be described in more detail later with reference to FIG. 6. 
As a result, a first thin film may be formed on the substrate as 
the radicals of the reactant precursor react with the source 
precursor. 

Then, the Substrate may be exposed to the source precursor 
(S23). The exposure to the Source precursor occurs during 
time t in FIG. 5. As the Source precursor is adsorbed again 
with the first thin film already formed on the substrate, the 
first thin film may be converted into a film with a relatively 
higher source precursor content. 

Then, the Substrate may be exposed again to the mixture of 
the radicals of the reactant precursor and the source precursor 
(S24). The exposure to the mixture occurs during time t in 
FIG. 5. As in S22, all of the radicals of the reactant precursor 
and the Source precursor may contact and/or react on the 
surface of the substrate so as to form a second thin film. 

Then, pumping may be performed again (S25). The pump 
ing process occurs during time tas in FIG. 5. By pumping, 
excess precursors or reaction byproduct physically adsorbed 
on the substrate may be removed. However, in other embodi 
ments, the pumping process may be omitted. 
By repeating S21 through S25 until a thin film with a 

desired final thickness is obtained (S26), an atomic layer thin 
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film with desired thickness may beformed. As the substrate is 
exposed to the source precursor (S23) between the formation 
of the first thin film (S22) and the formation of the second thin 
film (S24), the rate of deposition may be improved. 

FIG. 6A shows a lateral cross-sectional view of a vapor 
deposition reactor for performing a method for forming a thin 
film using radicals generated by plasma according to another 
embodiment. 

In the description of the method for forming a thin film 
using radicals generated by plasma with reference to the 
vapor deposition reactor of FIG. 6A, description about the 
aspect that may be easily understood by those skilled in the art 
from the description given referring to FIGS. 1 to 3 will be 
omitted. 

Referring to FIG. 6A, a gap da between the first electrode 
10 and the second electrode 20 may be relatively small, and a 
gaph between the portion where plasma is generated and the 
substrate 100 may be relatively large. In this case, all of the 
radicals of the reactant precursor generated by the plasma and 
injected through the injection port 22, may contact and/or 
react with the Source precursor injected through the injection 
port 12. 

For example, the gap d between the first electrode 10 and 
the second electrode 20 may be about 2 mm or larger. The gap 
h between the portion where plasma is generated and the 
substrate 100 may be about 5 mm or larger. The gap he 
between the portion where plasma is generated and the Sub 
strate 100 may also be about 20 mm. And, a gaph between 
the lower end of the first electrode 10 and the substrate 100 
may be about 3 mm to about 30 mm. Herein, the leakage of the 
precursors from the vapor deposition reactor will be 
decreased as the gap his decreased, i.e., as the lower end of 
the first electrode 10 approaches the substrate 100. 

FIGS. 6B and 6C shows a lateral cross-sectional view of 
first and second electrodes in a vapor deposition reactor for 
performing a method for forming a thin film using radicals 
generated by plasma according to other embodiments. 
The first and second electrodes of the vapor deposition 

reactor shown in FIGS. 6B and 6C may be operated in a 
manner similar to the vapor deposition reactor of FIG. 6A. In 
the vapor deposition reactor in FIG. 6B, the first electrode 10, 
which is an inner element for generating plasma, may have a 
shape concentric with the second electrode 20. The precur 
sors may be Supplied through the channel 11 and the injection 
port(s) 12 of the first electrode 10 and the channel 21 and the 
injection port(s) 22 of the second electrode 20. The second 
electrode 20 includes projecting portion(s) 23 and the plasma 
is generated in an area where the projecting portion(s) 23 and 
the first electrode 10 face each other. 

In the vapor deposition reactor in FIG. 6C, the first elec 
trode 10 has a structure having the shape of a helical gear So 
as to increase the area where the plasma is generated. The 
structure of this first electrode 10 is shown in FIG. 6D. As 
shown in FIGS. 6C and 6D, the first electrode 10 may include 
projecting portion(s) 13 which is protruded from the first 
electrode 10 in a helical shape along the longitudinal direc 
tion of the first electrode 10. Further, the second electrode 20 
may include projecting portion(s) 23. Since the plasma is 
generated in an area where the projecting portion(s) 23 and 
the projecting portion(s) 13 face each other, the area where 
the plasma is generated is increased. 

The structures of the first electrode 10 and second electrode 
20 shown in FIGS. 6B through 6D may be applied not only to 
the vapor deposition reactor in FIG. 6A, but also to other 
vapor deposition reactors for performing a method for form 
ing a thin film using radicals generated by plasma. 
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Hereinafter, a method for forming a thin film using radicals 

generated by plasma on the substrate 100 using the aforesaid 
described vapor deposition reactor will be described in detail. 
The substrate 100 may move from the left side of the vapor 

deposition reactor and be located below the discharge port 30. 
The discharge port 30 may remove impurities or residues 
physically adsorbed on the substrate 100 by means of pump 
ing. The impurities or residues may have been produced from 
the preceding process. However, in other embodiments, the 
substrate 100 may be directly passed below the first electrode 
10 and the second electrode 20 without the pumping. 
As the substrate 100 moves further to the right and is 

located below the second electrode 20, the substrate 100 
passes through a region A' where the radicals of the reactant 
precursor contact and/or react with the Source precursor. As 
the substrate 100 passes through the region A', a first thin film 
comprising TiN may beformed on the surface of the substrate 
100 from the reaction of the reactant precursor and the source 
precursor. The first thin film may include N-rich TiN. 

Then, as the substrate 100 moves further and is located 
below the injection port 12 provided at the center of the first 
electrode 10, the source precursor TiCl, may be adsorbed on 
the surface of the substrate 100. Then, the surface of the first 
thin film comprising N-rich TiN may be converted to Ti-rich 
TiN as the first thin film is exposed to TiCla. 

Then, as the substrate 100 moves further to the right, the 
substrate 100 passes again through the region A' where the 
radicals of the reactant precursor react with the source pre 
cursor. Then, as in the above-described formation of the first 
thin film, a second thin film comprising N-rich TiN may be 
formed. Since the TiN thin film is formed while N radicals 
are supplied on the surface of the substrate 100 on which 
TiCl, is adsorbed, a relatively stable TiN thin film may be 
formed. 

Then, as the substrate 100 moves further rightward and 
passes past below the second electrode 20, the substrate 100 
is located below the discharge port 30 and excessively 
injected Source precursor or reactant precursor and reaction 
byproduct may be removed by means of pumping. 

In the embodiment described referring to FIGS. 4 to 6, the 
consumption of the source precursor may be reduced com 
pared to the previous embodiment described above with ref 
erence to FIGS. 1 to 3. That is to say, the embodiment 
described referring to FIGS. 4 to 6 is applicable when the 
pressure inside the vapor deposition reactor is relatively low 
and/or when the flow rate of the source precursor is low. 

In the embodiments described above, TiCl, is used as the 
Source precursor and NH is used as the reactant precursor, 
and N* radicals generated from the reactant precursor by a 
remote plasma are used to form TiN thin film. However, this 
is merely illustrative. The Source precursor, the reactant pre 
cursor and/or the resultant thin film may be different from 
those described in the above embodiments. 

For example, a thin film comprising pure titanium (Ti) may 
be formed by using TiCl, as the Source precursor and using 
hydrogen (H) as the reactant precursor, and using H radi 
cals generated from the reactant precursor by a remote 
plasma. In this case, the temperature of the substrate 100 may 
be about 150° C. to about 500° C. Also, in an embodiment, a 
mixture of TiCl, and silicon hydride (SiH) or a hydrogen 
compound may be used as the source precursor in order to 
decrease resistance of the thin film and reduce residual Cl. For 
example, iH or BH may be added to the TiCl, source 
precursor at about 1 sccm to about 10 scem. 

In still another embodiment, two vapor deposition reactors 
may be provided in sequence to improve the rate of thin film 
deposition. 
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FIG. 7A shows a lateral cross-sectional view of a vapor 
deposition reactor for performing a method for forming a thin 
film using radicals generated by plasma according to still 
another embodiment. FIG. 7B shows a bottom view of the 
vapor deposition reactor of FIG. 7A. Referring to FIGS. 7A 
and 7B, adjacent to a vapor deposition reactor including a first 
electrode 10 and a second electrode 20, another vapor depo 
sition reactor including a first electrode 10' and a second 
electrode 20' may be provided. Between the second elec 
trodes 20, 20', a discharge port 30' may be provided. Also, 
discharge ports 30 may be provided outside of the two second 
electrodes 20, 20'. The discharge port 30" between the second 
electrodes 20, 20' may be larger in size than the other dis 
charge ports 30, but this is merely illustrative. For example, 
the discharge port 30' may be about 150% to about 200% in 
size based on the discharge port 30. 

In still another embodiment, as shown in FIGS. 8A and 8B, 
a vapor deposition reactor comprising a first electrode 10 and 
a second electrode 20 may be provided in parallel and in 
contact with another vapor deposition reactor comprising a 
first electrode 10' and a second electrode 20'. Thus, discharge 
ports 30 may be provided outside of the two second electrodes 
20, 20', but not between the second electrodes 20, 20'. The two 
discharge ports 30 may have the same size. 

FIG. 9A shows a lateral cross-sectional view of still 
another vapor deposition reactor for performing a method for 
forming a thin film using radicals generated by plasma 
according to still another embodiment. FIG. 9B shows a 
bottom view of the vapor deposition reactor of FIG.9A. 

Referring to FIGS. 9A and 9B, a vapor deposition reactor 
comprising a first electrode 10 and a second electrode 20 may 
be provided in parallel and in contact with another vapor 
deposition reactor comprising a first electrode 10' and a sec 
ond electrode 20'. A discharge port 30 may be provided 
between the second electrodes 20, 20". Each of the second 
electrodes 20, 20' may have different heights at an end portion 
adjacent to the discharge port 30 and an opposite end portion, 
Such that a gap between a substrate (not shown) may be 
different at both ends. For example, a gap between the second 
electrodes 20, 20' and the substrate at a portion where the 
second electrodes 20, 20' are adjacent to the discharge port 30 
may be relatively larger than a gap between the second elec 
trodes 20, 20' and the substrate outside of the second elec 
trodes 20, 20'. 

In still another embodiment, as shown in FIGS. 10A and 
10B, the both ends of the second electrodes 20, 20' may be 
configured to have the same height, such that the gap between 
the substrate may be identical. 

The above-described types of the vapor deposition reactors 
are embodiments for performing the disclosed method for 
forming a thin film using radicals generated by plasma. The 
method for forming a thin film using radicals generated by 
plasma according to embodiments may be performed using 
appropriately modified other vapor deposition reactors, 
which fall within the scope of this disclosure. 

In the method for forming a thin film using radicals gener 
ated by plasma according to embodiments, the Source precur 
sor is injected in between formation of the thin films by 
reaction of the radicals of the reactant precursor with the 
Source precursor. Accordingly, a higher deposition rate may 
be achieved than the conventional plasma-enhanced atomic 
layer deposition (PEALD) process. Further, since the plasma 
or radicals of the reactant precursor, or injection amount 
and/or time of the source precursor may be controlled, com 
position and/or density, etc. of the thin film may be controlled 
through more deposition variables, and the disadvantages of 
the conventional PEALD process may be removed. 
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The methods for forming a thin film using radicals gener 

ated by plasma were described with reference to the flow 
charts of various figures. While for purposes of simplicity of 
explanation, the methodologies are shown and described as a 
series of blocks, it is to be understood and appreciated that the 
claimed subject matter is not limited by the order of the 
blocks, as some blocks may occur in different orders and/or 
concurrently with other blocks from what is depicted and 
described herein. It can be appreciated that various other 
branches, flow paths, and orders of blocks, may be imple 
mented which achieve the same or similar result. Moreover, 
not all illustrated blocks may be required to implement the 
methodologies described herein. 

While the embodiments have been shown and described, it 
will be understood by those skilled in the art that various 
changes in form and details may be made thereto without 
departing from the spirit and scope of this disclosure as 
defined by the appended claims. In addition, many modifica 
tions can be made to adapt a particular situation or material to 
the teachings of this disclosure without departing from the 
essential scope thereof. Therefore, it is intended that this 
disclosure not be limited to the particular embodiments dis 
closed as the best mode contemplated for carrying out this 
disclosure, but that this disclosure will include all embodi 
ments falling within the scope of the appended claims. 

What is claimed is: 
1. A method for forming a thin film, comprising: 
routing a source precursor from an injection port of a 

deposition reactor into a first region, a second region and 
a third region between the first and second regions, a 
region extending from the first region to the second 
region having a same constant height greater than a 
predetermined distance that is Smaller than 5 mm; 

routing a first portion of radicals of a reactant precursor to 
the first region but not to the third region; 

routing a second portion of the radicals to the second region 
but not to the third region; 

mixing the first portion of the radicals and the source pre 
cursor in the first region to form a first mixture; 

mixing the second portion of the radicals and the source 
precursor in the second region to form a second mixture; 

forming a first thin film on a portion of the surface of a 
substrate by exposing the portion of the surface of the 
substrate to the first mixture within the first region; 

discharging the radicals and the Source precursor in the first 
region via a first passage having a constant height lower 
than the predetermined distance, the first passage 
formed between the surface of the substrate and a sur 
face of the deposition reactor facing the surface of the 
Substrate; 

making a first relative movement between the Substrate and 
the deposition reactor in the direction parallel to the 
surface of the substrate; 

exposing the portion of the surface of the substrate to the 
Source precursor within the third region after making the 
first relative movement; 

making a second relative movement between the Substrate 
and the deposition reactor in the direction parallel to the 
surface of the substrate; 

forming, after making the second relative movement, a 
second thin film on the first film by exposing the first film 
to the second mixture in the second region; and 

discharging the radicals and the Source precursor in the 
second region via a second passage having a constant 
height lower than the predetermined distance, the sec 
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ond passage formed between the surface of the substrate mixing the Source precursor and the Source precursor in the 
and a surface of the deposition reactor facing the Surface second region to form second mixture; 
of the substrate. exposing a portion of a surface of the Substrate sequentially 

2. The method of claim 1, further comprising: to the first mixture in the first region, the Source precur 
exposing the portion of the surface of the substrate to the 5 Sor in the third region and the second mixture in the 

second portion of radicals of the reactant precursor second region to form a first layer and a second layer on 
before forming the first thin film on the substrate. 

3. The method of claim 1, further comprising: 
after forming the second thin film on the first film, exposing 

the second thin film to the radicals of the reactant pre- 10 
CUSO. 

4. The method of claim 1, further comprising: 
removing materials physically adsorbed on the portion of 

the surface of the substrate before forming the first thin 
film on the portion of the surface of the substrate; and 15 

removing materials physically adsorbed on the portion of 

the first layer, the second layer having composition dif 
ferent from the first layer for being exposed to the source 
precursor in the third region before exposure to the sec 
ond mixture; and 

discharging the radicals and the source precursor from the 
first region and the second region via at least one passage 
having a constant height lower than the predetermined 
distance, the at least one passage formed between the 
surface of the substrate and a surface of the deposition 

the surface of the substrate after forming the second thin reactor facing the Surface of the Substrate. 
film on the substrate. 14. The method of claim 13, wherein the radicals are gen 

5. The method of claim 1, wherein forming the first thin erated in the deposition reactor by generating plasma within 
film comprises causing reaction between the first portion of 20 an interior of the deposition reactor. 
radicals of the reactant precursor and the source precursor, 15. The method of claim 13, wherein exposing the portion 
and forming the second thin film comprises causing reaction of a Surface comprises moving the Substrate relative to the 
between the first portion of radicals of the reactant precursor deposition reactor. 
and the Source precursor. 16. The method of claim 15, wherein exposing the portion 

6. The method of claim 1, wherein the radicals are gener- 25 of the surface of the substrate further comprises: 
ated in the deposition reactor at by generating plasma within forming the first thin film on the portion of the surface of 
an interior of the deposition reactor located away from the the substrate by exposing the substrate to the first mix 
substrate. ture; 

7. The method of claim 6, wherein the plasma is generated exposing the Substrate to the Source precursor after form 
by applying Voltage difference across two electrodes. 30 

8. The method of claim 1, wherein the first relative move 
ment and the second relative movement are continuous. 

9. The method of claim 1, wherein the height of the first 
passage is not Smaller than 1 mm, and the height of the second 
passage is not smaller than 1 mm. 35 

10. The method of claim 1, wherein the height of the first 
region, the second region and the third region is not less than 

ing the first thin film; and 
forming the second thin film on the first thin film by expos 

ing the first film to the second mixture. 
17. The method of claim 15, wherein exposing the portion 

of the substrate further comprises: 
exposing the portion of the surface of the substrate to the 

radicals of the reactant precursor before forming the first 
thin film on the portion of the surface of the substrate; 3 mm. 

11. The method of claim 10, wherein the height of the third after forming the second thin film on the portion of the 
region is not larger than 20 mm. 40 Surface of the Substrate, exposing the second thin film to 

the radicals of the reactant precursor, and 
removing materials physically adsorbed on the portion of 

the surface of the substrate. 
18. The method of claim 13, wherein the radicals are gen 

erated by applying voltage difference between a first elec 
trode and a second electrode in the deposition reactor. 

19. The method of claim 18, wherein the first electrode has 
the injection port formed on a Surface facing away from the 
second electrode. 

20. The method of claim 13, further comprising injecting 
the source precursor into a channel extending longitudinally 
across an electrode for generating the radicals, wherein the 
electrode extends in a direction perpendicular to the direction 
in which the substrate travels relative to the deposition reac 
tOr. 

12. The method of claim 1, wherein the radicals of the 
reactant precursor are generated and routed between curved 
Surfaces to the first region and the second region. 

13. A method for forming a thin film, comprising: 
injecting radicals towards a first region and a second region 45 

between an injection port of a deposition reactor and a 
Substrate, a region extending from the first region to the 
second region having a height greater than a predeter 
mined distance that is Smaller than 5 mm; 

injecting a source precursor to the first region by the injec- 50 
tion port, the second region, and a third region between 
the first region and the second region, the first region, the 
second region and the third region having a constant 
height greater than the predetermined distance; 

mixing the radicals and the Source precursor in the first 55 
region to form first mixture; k . . . . 


